Background and Purpose-The aim of the present study was to investigate independent clinical and MRI factors associated with no early recanalization within 1 hour after tissue-type plasminogen activator (tPA) administration. Methods-Patients with acute stroke within 3 hours of onset who were treated with tPA were studied prospectively.
I
ntravenous administration of tissue-type plasminogen activator (tPA) can improve clinical outcomes in patients with acute ischemic stroke. 1 Early arterial recanalization has been recognized as a marker of good outcome after tPA infusion. [2] [3] [4] [5] [6] [7] Alexandrov et al 8 reported that, during tPA infusion, recanalization was complete in 30% and partial in 40% of patients on transcranial Doppler. Thus, approximately one third of patients with acute stroke treated with tPA do not undergo early recanalization. Therefore, intravenous tPA therapy has some limitation.
Lewandowski et al 9 reported that combined intravenous and local intra-arterial tPA therapy in patients with stroke within 3 hours of onset was feasible and provides better recanalization. Recently, the Mechanical Embolus Removal in Cerebral Ischemia (MERCI) trial reported the efficacy of the Merci Retriever for opening intracranial vessels in patients ineligible for tPA. 10 Furthermore, Multi MERCI investigators reported that mechanical thrombectomy is efficacious in opening intracranial vessels in patients with acute ischemic stroke who have failed intravenous tPA. 11 Failed tPA patients may benefit from thrombectomy within 6 hours of stroke onset. Therefore, to add endovascular therapy to intravenous tPA in failed tPA patients, predicting no early recanalization before tPA infusion would be important.
Diabetes, delayed time from onset to treatment, noncardioembolic stroke, and atrial fibrillation have been reported to be associated with no early recanalization after tPA therapy. [12] [13] [14] [15] MRI but not CT can accurately assess the ischemic infarct volume on diffusion-weighted imaging, the occluded artery on MR angiography (MRA), and the susceptibility vessel sign (SVS) on T2* in the superacute phase of stroke. 16 Internal carotid artery (ICA) occlusion and M1 SVS on T2* were also reported to be associated with failed tPA. 2, 17, 18 Therefore, we added MRI findings to clinical factors and investigated independent clinical and MRI factors associated with no early recanalization within 1 hour after tPA administration using multivariate logistic regression analysis.
Subjects and Methods
Consecutive patients with acute anterior circulation ischemic stroke treated with tPA within 3 hours of stroke onset between October 2006 and March 2011 were prospectively studied. Patients with heart valve replacements, pacemakers, or clipping of cranial arteries were excluded due to contraindications for MRI. Patients with M1, M2, and ICA occlusion on MRA before tPA infusion were studied. The following clinical data were collected from all patients: (1) patient age and sex; (2) arterial blood pressure before tPA infusion; (3) National Institutes of Health Stroke Scale score before tPA infusion; (4) presence of arterial occlusion on MRA before tPA infusion; (5) presence or absence of early recanalization of occluded arteries within 60 minutes after tPA administration; (6) M1 SVS on T2* before tPA infusion; (7) ischemic volume on diffusion-weighted imaging before tPA infusion; (8) vascular risk factors including hypertension, diabetes mellitus, and hyperlipidemia; (9) presence of potential cardiac sources of emboli; (10) stroke subtype; (11) laboratory parameters before tPA infusion; and (12) administration of antithrombotic agents such as antiplatelet agents and warfarin. Inclusion and exclusion criteria for intravenous tPA were in accordance with the Japan Alteplase Clinical Trial. 19 Before tPA infusion, MRI studies including diffusion-weighted imaging, MRA, and T2* were performed to measure ischemic volume using National Institutes of Health Image software and to identify and assess the occluded arteries and M1 SVS. Follow-up MRA was performed within 60 minutes after the end of tPA administration to identify the presence or absence of recanalization in the occluded arteries. MRI was performed using a commercially available echoplanar instrument operating on a 1.5-T unit (Signa EXCITE XL Version 11.0; GE Healthcare, Milwaukee, WI).
The presence of large artery occlusion was assessed by MRA. Occluded arteries on initial MRA were identified as follows: M1 occlusion, M2 occlusion, and ICA occlusion. Recanalization was graded as complete, partial, or no recanalization as follows: (1) complete recanalization, reappearance of the entire occluded artery and distal branch of vessels; (2) partial recanalization, restoration of part of the distal vessel supplied by the occluded artery; and (3) no recanalization, persistent occlusion. Early recanalization was defined as complete or partial recanalization, and no early recanalization was defined as persistent occlusion 60 minutes after tPA infusion. The M1 SVS was defined as a hypointense signal of the proximal middle cerebral artery on T2* within a vascular cistern in corresponding symptomatic occlusive vessels (Figure 1) . 17 An experienced researcher (K.K.) who evaluated the MRA findings was blinded to patient clinical background.
To detect potential cardiac sources of emboli, all patients were examined using 12-lead electrocardiography, 24-hour electrocardiographic monitoring, and transthoracic echocardiography. The following potential emboligenic cardiac diseases were considered: atrial fibrillation; acute and previous myocardial infarction; mitral valve disease; and dilated cardiomyopathy. All patients underwent colorflow duplex carotid ultrasonography on the day of admission. Significant arterial stenosis was identified if stenosis Ͼ50% or ulcerated plaque was found in the affected artery corresponding to the neurological deficits.
All patients had baseline blood samples drawn in the emergency room before MRI. Main hemostatic variables (leukocyte count, erythrocyte count, and platelet count), HbA1 C , C-reactive protein, creatinine, glucose, and D-dimer levels were determined.
Using clinical, radiological, cardiac, and ultrasound test results, an experienced stroke neurologist assessed each patient according to modified Trial of Org 10172 in Acute Stroke Treatment criteria 20 to determine stroke subtype. Large vessel disease was defined as Ͼ50% arterial stenosis or occlusion corresponding to neurological deficits in the absence of a source of cardiac embolism. Cardioembolic stroke was defined as the presence of potential cardiac sources of emboli. Undetermined stroke was used when no etiologic source of emboli could be identified.
Statistical analysis was performed using StatView Version 5 statistical software to establish associations between no early recanalization and clinical factors. Significance of intergroup differences was assessed using Fisher exact test for categorical variables and the Mann-Whitney U test and the Kruskal-Wallis U test for continuous variables. Multivariate logistic regression analysis was performed to determine factors independently associated with no early recanalization using variables with PϽ0.2 on univariate analysis, which were considered to be potential factors associated with no early recanalization. Cutoff values for continuous variables were determined using the areas under receiver operating characteristic curves. Values of PϽ0.05 were considered significant. All study protocols were approved by the ethics committee of Kawasaki Medical School.
Results
A total of 193 consecutive patients with stroke was treated with tPA. Four patients were excluded because they had a pacemaker, and 29 patients had vertebral-basilar stroke. Of the remaining 160 patients, initial MRA demonstrated ICA occlusion in 37 patients, M1 occlusion in 58 patients, M2 occlusion in 37 patients, and no occlusion in 28 patients. Thus, 132 patients (63 men, 69 women; mean age, 76.4Ϯ10.2 years) were enrolled in the present study.
Follow-up MRA within 60 minutes after tPA infusion revealed recanalization in 49 (37.1%) patients (complete in 16 patients, partial in 33) and no recanalization in 83 (62.9%). There were no differences in clinical characteristics between patients with complete recanalization and partial recanalization (Table 1 ). Then, we divided patients into 2 groups: early recanalization group (nϭ49) and no early recanalization group (nϭ83). M1 SVS was more frequent in the no early recanalization group than in the early recanalization group (31.3% versus 6.1%, Pϭ0.0007). Although 89.7% of patients with M1 SVS had no early recanalization, 55.3% of patients without the M1 SVS sign had no early recanalization (Pϭ0.0007; Figure 2 ). There were no significant differences in the other clinical characteristics between the 2 groups.
Eight variables identified on univariate analysis at PϽ0.2 were selected. The area under receiver operating characteristic curves analysis yielded cutoff levels predicting no early recanalization with high sensitivity and high specificity as follows: time to stroke onset to treatment Ն140 minutes (sensitivity of 59.0% and specificity of 55.1%) and glucose Ն135 mg/dL (54.2% and 51.0%). Multivariate logistic regression analysis revealed that M1 SVS was the only independent factor associated with no early recanalization (OR, 7.157; 95% CI, 1.756 to 29.1721; Pϭ0.0060; Table 3 ). Sensitivity, specificity, positive predictive value, and negative predictive value of M1 SVS for predicting no early recanalization were 31.3%, 93.9%, 89.7%, and 44.7%, respectively.
Discussion
M1 SVS was the only independent factor associated with no recanalization after tPA administration. The positive predic- tive value of M1 SVS for predicting no early recanalization was 89.7%.
The magnetic susceptibility effect of deoxygenated hemoglobin in red thrombi may result in hypointense signals on T2*-weighted gradient echo imaging (GRE). Cho et al 16 reported that red thrombi in occluded vessels were visualized as hypointense signals within vascular cisterns on T2*. They called such radiological findings the "GRE susceptibility vessel sign (GRE SVS)." The GRE SVS may reflect thrombus composition. Hemoglobin desaturation from oxyhemoglobin to deoxyhemoglobin occurs within a few hours. Thus, in hyperacute clot cases, the main component may still be oxyhemoglobin, and such emboli would not be identified as GRE SVS on T2*. In other words, the GRE SVS is present in older thrombi, which may be resistant to tPA therapy.
Zangerle et al 7 reported that recanalization was infrequent in patients with diabetes. The present finding showed that the glucose level before tPA infusion but not HbA1c was higher in the no early recanalization group than in the early recanalization group. Therefore, the blood glucose level, rather than the presence or absence of diabetes, is closely associated with no early recanalization. These results were compatible with those of a previous report. 15 However, the multivariate regression model did not reveal that blood glucose level was an independent factor associated with no early recanalization. Molina et al 14 reported that early recanalization was more frequent in patients with cardioembolic stroke compared with other stroke types. In fact, patients with cardioembolic stroke more frequently had early recanalization than those with large artery diseases, but the difference was not significant (33.3% versus 11.1%, Pϭ0.2653). Using our univariate analysis, ICA occlusion was more frequent in the no early recanalization group than in the early recanalization group. Several investigators reported that tPA was not effective in patients with ICA occlusion. 2, 18 The reason for this was that the embolus responsible for ICA occlusion was larger than that responsible for other arterial occlusions, and such an embolus was likely to be resistant to tPA. However, the multivariate regression model did not identify ICA occlusion as an independent factor associated with no early recanalization.
Recently, the REcanalisation using Combined intravenous Alteplase and Neurointerventional ALgorithm for acute Ischemic StrokE (RECANALISE) study demonstrated that the combined intravenous tPA and endovascular approach group had higher recanalization than the only intravenous tPA therapy group in patients with stroke within 3 hours of onset. 21 However, early neurological improvement and favorable outcome were not different between the 2 groups. A better clinical outcome was associated with recanalization in the 2 groups and time to recanalization in the combined intravenous tPA and endovascular approach group. Therefore, time to recanalization appears to be most important for patient outcome. If we can identify patients who will fail tPA before tPA infusion, it may be better to start with endovascular therapy in such patients to achieve earlier recanalization of the occluded artery. Therefore, in patients with acute stroke within 3 hours of onset, M1 SVS may be a sign for endovascular therapy instead of intravenous tPA as first-line therapy.
The present study had several limitations. First, MRA is somewhat inaccurate for detection of vessel occlusion or stenosis. 22 Second, MRI cannot be performed in patients with implanted metallic materials such as pacemakers and metal clips; 4 patients were excluded from our study. Third, there are potential pitfalls of the use of SVS on T2*. Blood clots of acute, subacute, and chronic stage can appear as signal loss on T2* because any paramagnetic substance including deoxyhemoglobin, intra-and extracellular methemoglobin, and hemosiderin can appear hypointense on T2*. Therefore, fresh clots seem to be indistinguishable from flowing blood. 23 Thus, when the presence of M1 SVS is identified, ICA or M1 occlusion must be confirmed by MRA to distinguish fresh clots from blood flow. In the present study, to exclude those potential pitfalls, we always used MRA to confirm the occluded artery. Finally, the sample size was small. A larger sample size is needed to confirm these results.
In conclusion, of clinical and MRI factors before tPA infusion, M1 SVS on T2* is the only independent factor associated with no early recanalization within 1 hour after tPA administration. In patients with M1 SVS who are unlikely to respond to tPA therapy, we may consider therapeutic strategies such as combined intravenous tPA and endovascular therapy or endovascular therapy alone instead of intravenous tPA as first-line therapy.
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